Activated carbons are disorganized materials with variable pore size distributions (PSD). If one assumes that the porosity consists mainly of locally slit-shaped micropores, model isotherms can be obtained by computer simulations and used to assess the PSD on the basis of experimental isotherms. In the present study, CO isotherms have been measured at 273 K on 
Introduction
dark-field technique [10] developed by Oberlin et al. [11, 12] and scanning tunnelling microscopy (STM) [13-Unlike zeolites and other well-crystallized materials, 15] . These techniques led to a relatively coherent assessactivated carbons are disorganized and possess therefore a ment of microporosity, and different models have been variety of pore size distributions (PSD). In view of their suggested by Stoeckli [5, 10] , on the basis of Oberlin's application in filtration technology, the carbons must be work [16] , by Kaneko [17] , McEnaney [18] , Dahn [8] , characterized and it is often advisable to obtain accurate Rodriguez [19] , Seaton [20] and recently by Thomson and information on the different types of porosities. Depending
Gubbins [7] . on their pore dimensions, one distinguishes macroporosity
The predominance of slit-shaped pores, at least in the (.50 nm), mesoporosity (2-50 nm) and microporosity region of 0.4 to |1-1.5 nm, is also suggested by the (,2.0 nm in width), each category playing a specific role dark-field technique [10] [11] [12] and by STM [13] [14] [15] . Howin transport and adsorption properties. Microporosity plays ever, less regular shapes are not excluded, in particular for an essential role in the retention of the adsorbate and its wide micropores. These observations justify, to some 3 21 volume can be as high as 0.6-0.8 cm g . extent, the description of microporous carbons as a collecFollowing the pioneering work of Dubinin [1] [2] [3] , mition of locally slit-shaped micropores, with variable croporosity in activated carbons has been investigated by a widths. Such pores can be modelled in a relatively simple variety of direct and indirect techniques such as vapour fashion and used in advanced computer simulations leadadsorption [4, 5] , immersion calorimetry [4] [5] [6] , small-angle ing to model isotherms of simple molecules [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] , scattering of X-rays (SAXS) [7, 8] , high resolution transrelevant to the present study. The analysis of the exmission electron microscopy (HRTEM) [9] , including the perimental isotherms leads eventually to a theoretical PSD. As described recently by Thomson and Gubbins [7] , the structure of a microporous carbon can also be refined by matching the simulated structure with that obtained from n technique). This approach also favours the locally slit- [32] . In the case of methane, however, the temperature is coefficient depending on the adsorptive, benzene being well above critical (191 K) and the equivalent of the 2 taken as the reference. It has been shown [4] , that E o saturation pressure, p (T /T ) [3] , is relatively high. This c c related to the average width L of the slit-shaped microo means that measurements must be carried out at relatively pores by high pressure in order to scan the isotherm properly.
As shown recently [33, 34] , CO adsorption at 273 K,
o o using carbon black Vulcan-3G as a reference, is a good alternative to the standard comparison plots based either on and consequently the surface area of the micropores is N at 77 K (Sing's a-plot) or on C H , CH Cl and approximately CH OH at 298 K proposed by Carrott et al. [35] . It has 3 2 21 3 21
also been shown by Stoeckli [32] that CO and CH lead 2 and discussed in detail by Carrot [22, 39] , the surface. This means that CO is a suitable candidate for It will be shown that in the absence of gate effects the results from the integral transform different techniques lead to a good agreement, even on theb asis of activated carbons considered as a collection of slit-shaped micropores. vapours by activated carbons is described by the Dubinin-
o Table 1 This distribution appears to be in good agreement with following expression for the enthalpy of immersion of the carbon [4] [5] [6] 9] , in parameter´. The parameters for the gas-gas interac-
tions,´and s , were those of the literature [25, 26] .
gg gg (8) We considered the active carbon as a collection of slit-shaped pores between stacks of graphitic sheets of a is the expansion coefficient of the liquid, G is the 3.933.9 nm. The effective pore width L 5 H 2 0.24 nm become increasingly popular in the field of carbons [21] . A comparison plots and from Eq. (4), using the enthalpy of number of studies are based on the adsorption of N 2 immersion into benzene. This procedure led to a Type I [7, 22, 29] , CH [27, 28] and CO [25, 26] , owing to their 4 2 isotherm corresponding to adsorption in the micropore molecular simplicity. In the present study, model isotherms system only. were generated for the adsorption of methane and carbon
It is important to point out that the Lennard-Jones dioxide, by using a commercially available GCMC propotential (9) assumes a spherical symmetry. In the case of gram (CERIUS-2, from Molecular Simulations Ltd.) with a CO , the molecules being rod-shaped, the simulations will 2 Silicon Graphics workstation. The main characteristic of lead to a larger volume than in reality. In agreement with this program is the fact that gas-solid and gas-gas the work of Samios et al. [25, 26] , it appears that the molar interactions are based on the Lennard-Jones 6:12 pairvolume of CO in micropores of L . 0.6-0.7 nm would be 2 potential close to that of the free liquid. However, as mentioned 12 6 above, the density in the adsorbed state appears to be
higher. and not on the force-field proposed by Steele [40] , used by the majority of authors. Eq. (3) is much simpler than the potentials used by some authors [30] , who consider a 3. Experimental weighted average of the quadrupole-quadrupole interactions. However, since the specific parameters´and s
In the present study we considered four activated gs gs (see Table 1 ), were obtained from the experimental CO carbons of different origins (CM, CAF-B, AGB, U-103) 2 isotherms on carbon blacks Vulcan 3-G at 273 K, the one activated fiber (KF-1500) and two microporous carbon quadrupole interactions are effectively taken into account blacks (XC-72, XC-72-16). Samples CM and U-103 are . Their structural characteristics, as well as those of than 0.7 nm). A correction (re-scaling) has therefore been the microporous carbon blacks, were determined by stanintroduced, by considering the effective molar volume of 3 21 dard adsorption and immersion techniques [4, 5] . The 43.90 cm mol given by Ozawa's equation [43] and in adsorption isotherms of N (77 K), C H (293 K) and good agreement with the estimates of different authors 2 66 CO (273 K) were analysed in terms of the DR Eq. (1), its [37, 38] .
2 modification (4), (7) and by comparison plots, as described Figs. 1-7 show the agreement between the histograms in detail elsewhere [4, 5, 33, 34] . As shown in Table 2 , the based on modelling after correcting the experimental results obtained from the different techniques are selfisotherm for adsorption on the external surface S ; the e consistent. curve given by Eq. (7) and, where available, on immersion High pressure adsorption measurements of CO (253 to calorimetry and on STM. The histograms resulting from 2 353 K) were carried out with a device described earlier by the model isotherms also lead to average micropore widths Guillot et al. [33, 34] and improved, in order to allow L, given by a simple weighting procedure, and to the total measurements up to 6 MPa at the higher temperatures. 4. Results and discussion latter is also a good test for the technique itself.
The experimental adsorption isotherms of CH (308 K) 4 and CO (253, 273, 298 K) on Vulcan 3-G provided the 2 basis for the adjustment of the Lennard-Jones pair potentials used in the computer simulations. The best-fit values are given in Table 1 . This provided the basis for the simulations of the standard isotherms used to analyse the experimental isotherms in terms of a weighting scheme proposed by Jagiello [42] . As pointed out earlier [32, 33] in the case of carbon CM and KF-1500 the adsorption isotherms of CH at 253, 273 4 and 323 K and of CO at 253, 273 and 298 K lead to 2 unique characteristic curves when W is plotted against A /b. This pattern indicates that for each carbon the two molecules probe the same micropore system. It follows that the PSD obtained from the individual isotherms, and isotherm at 273 K (---). The curve corresponds to Eq. (7). curve corresponds to Eq. (7). 
